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 ﺗﻘﻮﻳﻢ أﺛﺮ ﺗﻐﻴﺮ اﻟﻤﻨﺎخ ﻋﻠﻲ ﺑﻴﺌﺎت اﻟﺤﻴﻮاﻧﺎت اﻟﺒﺮﻳﺔ ﻓﻲ اﻷراﺿﻲ اﻟﺠﺎﻓﺔ
 دراﺳﺔ ﺣﺎﻟﺔ ﻣﻨﻄﻘﺔ اﻟﺴﺒﻠﻮﻗﺔ اﻟﻤﺤﺠﻮزة
  ﺑﺤﺚ ﺗﻜﻤﻴﻠﻲ ﻟﻨﻴﻞ درﺟﺔ اﻟﻤﺎﺟﺴﺘﻴﺮ ﻓﻲ ﻋﻠﻮم اﻟﺘﺼﺤﺮ
 أﺣﻤﺪ ﻋﻠﻲ ﺣﺴﺐ اﻟﻜﺮﻳﻢ ﺻﺪﻳﻖ: أﻋﺪاد
 اﻟﻤﺴﺘﺨﻠﺺ
ت اﻟﻄﺒﻴﻌﻴﺔ ﻓﻲ اﻟﻤﻨﺎﻃﻖ اﻟﺠﺎﻓﺔ ﻓﻲ أﺟﺮﻳﺖ هﺬﻩ اﻟﺪراﺳﺔ ﺑﻤﻨﻄﻘﺔ اﻟﺴﺒﻠﻮﻗﺔ اﻟﻤﺤﺠﻮزة آﺤﺎﻟﺔ دراﺳﺔ ﺗﻤﺜﻞ اﻟﻤﺤﻤﻴﺎ
ﺗﻬﺪف اﻟﺪراﺳﺔ اﻟﻰ ﺗﻘﻴﻢ اﻟﻈﺮوف اﻟﻤﻨﺎﺧﻴﺔ اﻟﺮاهﻨﺔ ﺑﺎﻟﻤﻨﻄﻘﺔ واﻟﺘﻐﻴﺮات اﻟﻤﻨﺎﺧﻴﺔ اﻟﺘﻲ ﺣﺪﺛﺖ . ﺷﻤﺎل اﻟﺴﻮدان   
ﺑﺎﻷﺿﺎﻓﺔ اﻟﻲ اﻟﻜﺸﻒ ﻋﻦ اﻟﻤﺸﺎآﻞ اﻟﺘﻲ . وﺁﺛﺎرهﺎ ﻋﻠﻰ  اﻟﺤﻴﻮاﻧﺎت اﻟﺒﺮﻳﺔ و ﻣﻮاﺋﻠﻬﺎ ﺑﺎﻟﻤﻘﺎرﻧﺔ ﻣﻊ اﻟﺤﺎﻟﺔ اﻟﺴﺎﺑﻘﺔ
  .  ﺑﻤﻨﻄﻘﺔ اﻟﺪراﺳﺔ  ﻓﻲ اﻷراﺿﻲ اﻟﺠﺎﻓﺔﺗﺤﻴﻂ ﺑﺎﻟﺤﻴﺎة اﻟﺒﺮﻳﺔ
اﻟﺒﻴﺎﻧﺎت . اﻟﻤﻨﻬﺠﻴﺔ اﻟﺘﻲ اﻋﺘﻤﺪت ﻓﻲ هﺬﻩ اﻟﺪراﺳﺔ ﺑﻨﻴﺖ ﻋﻠﻰ ﻧﻮﻋﻴﻦ ﻣﻦ اﻟﺒﻴﺎﻧﺎت ، ﺑﻴﺎﻧﺎت أوﻟﻴﺔ وأﺧﺮي ﺛﺎﻧﻮﻳﺔ
اﻟﺘﻲ ﺗﻢ ( اﻷﻣﻄﺎر ، ودرﺟﺔ اﻟﺤﺮارة واﻟﺮﻳﺎح واﻟﺮﻃﻮﺑﺔ اﻟﻨﺴﺒﻴﺔ)اﻷوﻟﻴﺔ ﺗﺤﻮي اﻟﻌﻨﺎﺻﺮ اﻟﻤﻨﺎﺧﻴﺔ اﻟﺮﺋﻴﺴﻴﺔ 
 8891، 7891 - 8791)ﺔ ﺧﻼل اﻟﺜﻼﺛﻴﻦ ﺳﻨﺔ اﻟﻤﺎﺿﻴﺔ واﻟﺘﻲ وﺿﻌﺖ ﻓﻲ ﺛﻼث ﻓﺘﺮات ﺟﻤﻌﻬﺎ  ﻟﻤﻨﻄﻘﺔ اﻟﺪراﺳ
 ﻹﻳﺠﺎد اﻟﻈﺮوف اﻟﻤﻨﺎﺧﻴﺔ اﻟﺤﺎﻟﻴﺔ lecxEوﺗﻢ ﺗﺤﻠﻴﻠﻬﺎ ﺑﻮاﺳﻄﺔ اﺳﺘﺨﺪام ﺑﺮﻧﺎﻣﺞ ( 7002 - 8991 ، 7991 -
ﻨﻄﻘﺔ أﻳﻀﺎ ﺻﻮرﺗﻴﻦ ﻟﻸﻗﻤﺎر اﻟﺼﻨﺎﻋﻴﺔ واﻟﺘﻲ أﻟﺘﻘﻄﺖ ﻟﻤ.ﺑﺎﻟﻤﻘﺎرﻧﺔ ﻣﻊ اﻟﻤﺎﺿﻲ وﻣﻌﺮﻓﺔ اﻻﺗﺠﺎﻩ ﻓﻲ اﻟﻤﺴﺘﻘﺒﻞ
واﻟﺘﻲ ﺗﻢ ﺗﺤﻠﻴﻠﻬﺎ ﺑﻮاﺳﻄﺔ ( tasdnaL)ﺑﻮاﺳﻄﺔاﻟﻘﻤﺮاﻟﺼﻨﺎﻋﻲ ﻻﻧﺪﺳﺎت 0002 و 7891اﻟﺪراﺳﺔ ﻟﻸﻋﻮام
أﻣﺎ ﺗﻘﻴﻴﻢ ﺣﺎﻟﺔ اﻟﻤﻮاﺋﻞ و اﻟﻤﺘﻄﻠﺒﺎت اﻷﺳﺎﺳﻴﺔ  ﻟﻠﺤﻴﻮاﻧﺎت اﻟﺒﺮﻳﺔ ﺑﺎﻟﻤﻨﻄﻘﺔ ،( erawtfos SADRE)ﺑﺮﻧﺎﻣﺞ 
أﺿﺎﻓﺔ اﻟﻲ اﻟﻤﺸﺎهﺪات ،ﻋﻴﺔﻓﺘﻤﺖ ﻋﻦ ﻃﺮﻳﻖ ﺗﺤﻠﻴﻞ ﺻﻮر اﻷﻗﻤﺎر اﻟﺼﻨﺎ ( اﻟﻐﻄﺎء واﻟﻐﺬاء وﻣﻮارد اﻟﻤﻴﺎﻩ)
اﻟﻤﻴﺪاﻧﻴﺔ ﺧﻼل اﻟﺰﻳﺎرات اﻻﺳﺘﻄﻼﻋﻴﺔ اﻟﺘﻲ  ﺗﻤﺖ ﺑﻐﺮض اﺧﺘﻴﺎر ﻣﻮاﻗﻊ اﻟﻌﻴﻨﺎت واﻟﺘﻲ ﺗﻌﺘﺒﺮ اﻷآﺜﺮ ﺗﻤﺜﻴﻼ 
ﺣﻴﺚ أﺧﺬت اﻟﻌﻴﻨﺎت ﻣﻦ ﺧﻤﺲ ﻧﻈﻢ ﺑﻴﺌﻴﺔ ﻣﺨﺘﻠﻔﺔ ﻟﻠﺤﻴﺎة اﻟﺒﺮﻳﺔ ﻓﻰ اﻟﻤﺤﻤﻴﺔ درﺳﺖ ﻓﻴﻬﺎ اﻷﻧﻮاع . ﻟﻠﻐﻄﺎء اﻟﻨﺒﺎﺗﻲ
اﻳﻀﺎ  أﺟﺮي ﻣﺴﺢ . اﻟﻲ اﻟﺤﻴﻮاﻧﺎت اﻟﺒﺮﻳﺔ  واﻟﻤﺨﺎﻃﺮاﻟﻤﺤﻴﻄﺔ ﺑﻬﺎاﻟﺸﺠﺮﻳﺔ اﻟﻤﻮﺟﻮدة وآﺜﺎﻓﺘﻬﺎ ﺑﺎﻷﺿﺎﻓﺔ
أﺟﺘﻤﺎﻋﻲ ﻟﻠﺴﻜﺎن اﻟﻤﺤﻠﻴﻴﻦ ﺑﻮاﺳﻄﺔ  اﻷﺳﺘﺒﻴﺎن ﻟﻤﻘﺎرﻧﺔ اﻟﺤﻴﻮاﻧﺎت اﻟﺒﺮﻳﺔ وﺗﻐﻴﺮات اﻟﻤﻨﺎخ ﻓﻲ اﻟﻤﻨﻄﻘﺔ ﺑﻴﻦ 
أﻣﺎ اﻟﺒﻴﺎﻧﺎت اﻟﺜﺎﻧﻮﻳﺔ ﻓﺄﺧﺬت ﻣﻦ وﺛﺎﺋﻖ اﻟﻤﺸﺎرﻳﻊ اﻟﻮﻃﻨﻴﺔ واﻟﺪوﻟﻴﺔ واﻟﺘﻘﺎرﻳﺮاﻟﺴﻨﻮﻳﺔ ذات . اﻟﻤﺎﺿﻲ واﻟﺤﺎﺿﺮ
  . ﻟﺼﻠﺔا
أﻇﻬﺮت اﻟﻨﺘﺎﺋﺞ أن هﻨﺎك ﺗﻘﻠﺒﺎت وﺗﻐﻴﺮات ﻓﻲ اﻟﻈﺮوف اﻟﻤﻨﺎﺧﻴﺔ ﺑﺎﻟﻤﻨﻄﻘﺔ واﻟﺘﻲ ﺗﺘﻤﺜﻞ ﻓﻲ اﻧﺨﻔﺎض  آﻤﻴﺔ 
اﻷﻣﻄﺎر اﻟﺴﻨﻮﻳﺔ وﻗﺼﺮﻣﻮﺳﻢ اﻟﻬﻄﻮل اﺿﺎﻓﺔ اﻟﻲ اﻟﺘﻘﻠﺒﺎت اﻟﺤﺎدة ﻓﻲ درﺟﺎت اﻟﺤﺮارة وﺳﺮﻋﺔ اﻟﺮﻳﺎح 
 ﺗﻜﻮﻳﻨﻬﺎ و ﺗﺮآﻴﺒﺘﻬﺎ اﻟﻨﻮﻋﻴﺔ ورﻃﻮﺑﺔ اﻟﺠﻮ ﻣﻤﺎ أﻧﻌﻜﺲ ﻋﻠﻲ اﻟﻤﻮاﺋﻞ ﺑﻤﻨﻄﻘﺔ اﻟﺴﺒﻠﻮﻗﺔ وﺻﺎرت ﻓﻘﻴﺮة ﺟﺪا ﻓﻲ
آﻤﺎ (. آﺒﺶ ﻣﻲ واﻟﻐﺰال اﻟﻌﺎدة)اﻟﺸﺊ اﻟﺬي أدي اﻟﻲ ﻧﺪرﻩ ﻓﻲ ﺗﻮاﺟﺪ اﻟﺤﻴﻮاﻧﺎت اﻟﺒﺮﻳﺔ وأﺧﺘﻔﺎء ﺑﻌﺾ اﻷﻧﻮاع 
ﺑﻴﻨﺖ اﻟﺪراﺳﺔ اﻟﻌﺪﻳﺪ ﻣﻦ اﻟﻤﺸﺎآﻞ اﻟﺘﻲ ﻇﻬﺮت ﻓﻲ اﻟﻤﻨﻄﻘﺔ اﻟﻤﺤﺠﻮزة ﻣﺜﻞ اﻟﺘﺼﺤﺮ و ﺗﺤﺮك اﻟﻜﺜﺒﺎن اﻟﺮﻣﻠﻴﺔ 
ﺑﺼﻮرة آﺎﻓﻴﺔ ، ﺑﺎﻷﺿﺎﻓﺔ اﻟﻲ ﻋﺪم وﺟﻮد  وﻋﺪم ﺗﻮﻓﺮ اﻟﺤﺸﺎﺋﺶ(  ﻄﻴﺔاﻟﺘﻐ)ﻣﻊ اﻧﺨﻔﺎض آﺜﺎﻓﺔ اﻟﻐﻄﺎء اﻟﻨﺒﺎﺗﻲ
اﻳﻀﺎ اﻟﺪراﺳﺔ أوﺿﺤﺖ اﻻدوار اﻻﻳﺠﺎﺑﻴﺔ ﻟﻠﻤﺸﺎرآﺔ اﻟﺸﻌﺒﻴﺔ  واﻟﺠﻬﻮد اﻟﻨﺎﺟﺤﺔ ﻣﻦ اﻟﻘﺎدة .داﺋﻢ ﻟﻠﻤﺼﺎدر اﻟﻤﺎﺋﻴﺔ
ﺠﺎر اﻟﻤﺤﻠﻴﻴﻦ ووﻋﻴﻬﺎ ﻓﻲ ﺻﻴﺎﻧﺔ وﺣﻤﺎﻳﺔ اﻟﺤﻴﺎة اﻟﺒﺮﻳﺔ ﺑﻤﻨﻄﻘﺔ اﻟﺴﺒﻠﻮﻗﺔ اﻟﻤﺤﺠﻮزة ﻋﺒﺮ ﺣﻈﺮ ﻋﻤﻠﻴﺎت ﻗﻄﻊ اﻻﺷ
 . وﻣﻨﻊ ﺻﻴﺪ اﻟﺤﻴﻮاﻧﺎت اﻟﺒﺮﻳﺔ ﻓﻲ اﻟﻤﻨﻄﻘﺔ
وﺧﻠﺼﺖ اﻟﺪراﺳﺔ إﻟﻰ أن هﺬﻩ اﻟﻤﺆﺷﺮات ﻋﻦ اﻟﺘﻘﻠﺒﺎت اﻟﻤﻨﺎﺧﻴﺔ واﻟﺘﻐﻴﻴﺮات اﻟﻤﻠﺤﻮﻇﺔ ﻓﻲ اﻟﻤﻨﻄﻘﺔ ﺑﺎﻹﺿﺎﻓﺔ 
إﻟﻰ اﻹﻓﺮاط ﻓﻲ اﺳﺘﻐﻼل اﻟﻤﻮارد اﻟﻄﺒﻴﻌﻴﺔ ﻗﺎدت اﻟﻲ ﺗﺪهﻮر اﻟﻤﻮاﺋﻞ وﻧﺘﻴﺠﺔ ﻟﺬﻟﻚ ﻓﺈن ﺑﻌﺾ اﻟﺤﻴﻮاﻧﺎت اﻟﺒﺮﻳﺔ 
دة ﺑﺎﻻﻧﻘﺮاض ، آﻤﺎ أن اﺳﺘﺨﺪام ﺗﻘﻨﻴﺎت اﻻﺳﺘﺸﻌﺎر ﻋﻦ ﺑﻌﺪ ﺗﻌﺘﺒﺮ ﻣﻦ اﻟﻮﺳﺎﺋﻞ اﻟﻨﺎﺟﺤﺔ  ﻗﺪ اﺧﺘﻔﺖ وأﺧﺮى ﻣﻬﺪ
  . ﻓﻲ ﺗﻘﻴﻴﻢ وﺗﻌﻘﺐ اﻟﻐﻄﺎء اﻷرﺿﻲ ﺑﺎﻟﻤﺤﻤﻴﺔ آﻤﺆﺷﺮ  ﻟﻠﺘﻐﻴﺮات اﻟﻤﻨﺎﺧﻴﺔ
ﻣﻦ ، أوﺻﺖ اﻟﺪراﺳﺔ ﺑﻀﺮورة  ﺣﻤﺎﻳﺔ اﻟﺤﻴﻮاﻧﺎت اﻟﺒﺮﻳﺔ وﺻﻴﺎﻧﺔ ﻣﻮاﺋﻠﻬﺎ ﺑﻤﻨﻄﻘﺔ اﻟﺴﺒﻠﻮﻗﺔ اﻟﻤﺤﺠﻮزة ﻋﺎﺟﻼ
دارة اﻟﻤﺘﻜﺎﻣﻠﺔ ﻟﻠﻤﻮارد اﻟﻄﺒﻴﻌﻴﺔ وﺗﻄﺒﻴﻖ ﺗﻘﻨﻴﺎت ﻧﻈﻢ إﻋﺎدة ﺗﺄهﻴﻞ اﻷراﺿﻲ اﻟﺠﺎﻓﺔ ﻣﺜﻞ ﺧﻼل اﺗﺒﺎع ﻧﻬﺞ اﻹ
ﺣﺼﺎد اﻟﻤﻴﺎﻩ ﻟﺰﻳﺎدة اﻻﺳﺘﻔﺎدة ﻣﻦ ﻣﻮﺳﻢ اﻷﻣﻄﺎرﻓﻲ ﺗﻨﻤﻴﺔ و زﻳﺎدة اﻟﻐﻄﺎء اﻟﻨﺒﺎﺗﻲ وﺗﻮﻓﻴﺮﻣﺼﺎدرﺷﺒﻪ داﺋﻤﺔ 
ﺬﻩ   اﻟﺪراﺳﺔ ﺑﺄﺳﺘﺨﺪام آﺬﻟﻚ و ﺑﺸﺪة  أوﺻﺖ  ه. ﻟﻠﻤﻴﺎﻩ ﺑﺎﻟﻤﺤﻤﻴﺔ وآﻞ اﻟﻤﺤﻤﻴﺎت اﻟﻤﻤﺎﺛﻠﺔ ﻓﻲ اﻷراﺿﻲ اﻟﺠﺎﻓﺔ
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ﺗﻘﻨﻴﺎت اﻻﺳﺘﺸﻌﺎر ﻋﻦ ﺑﻌﺪ ﻓﻲ ادارة اﻧﺸﻄﺔ اﻟﻤﺤﻤﻴﺎت اﻟﻄﺒﻴﻌﻴﺔ ﻣﻊ إﺷﺮاك اﻟﺴﻜﺎن اﻟﻤﺤﻠﻴﻴﻦ ﻓﻲ ﺧﻄﻂ وﺗﻨﻔﻴﺬ 
اﻟﺠﺪﻳﺮﺑﺎﻟﺬآﺮ ان ﻣﻨﻄﻘﺔ اﻟﺴﺒﻠﻮﻗﺔ اﻟﻤﺤﺠﻮزة ﻣﻦ اﻟﻤﻨﺎﻃﻖ اﻟﻤﻘﺘﺮﺣﺔ آﻤﺤﻤﻴﺔ ﻣﺤﻴﻂ ﺣﻴﻮي اﻟﺘﻲ . ﺑﺮاﻣﺞ اﻹدارة
ﺔ وﺗﻨﻤﻴﺔ اﻟﻤﻮارد اﻟﺘﻲ ﻳﻌﺘﻤﺪ ﻋﻠﻴﻬﺎ ﺑﺎﻟﺪرﺟﺔ اﻷوﻟﻲ آﻤﺎ هﻮ ﺗﺪﻋﻮ اﻟﻲ اﻋﺘﺒﺎر اﻷﻧﺴﺎن آﺄﺣﺪ ﻋﻨﺎﺻﺮ اﻟﺤﻤﺎﻳ
ﻋﻠﻴﻪ ﻧﻮﺻﻲ ( . 6491)ﻣﻼﺣﻆ ﻣﻦ أزدﻳﺎد ﻋﺪد اﻟﻘﺮي واﻟﺴﻜﺎن ﺑﺎﻟﻤﺤﻤﻴﺔ ﻣﻘﺎرﻧﺔ ﺑﻔﺘﺮة اﻋﻼﻧﻬﺎ ﻣﺤﻤﻴﺔ ﻃﺒﻴﻌﻴﺔ 
ﺑﺎﻋﻼﻧﻬﺎ آﻤﺤﻤﻴﺔ ﻣﺤﻴﻂ ﺣﻴﻮي ﻟﺘﺴﺎﻋﺪ ﻋﻠﻲ ﺗﻘﺪﻳﻢ اﻟﺨﺪﻣﺎت  و اﻟﺤﻔﺎظ ﻋﻠﻲ اﻟﺘﻨﻮع اﻟﺤﻴﻮي واﻷدارة اﻟﻤﺴﺘﺪاﻣﺔ 
 .د اﻟﻄﺒﻴﻌﻴﺔ ﺑﺎﻟﻤﻨﻄﻘﺔﻟﻠﻤﻮار
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Assessment of Climate Change impacts on Wildlife Habitats in Dry lands Sudan 
A case study of Al Sabaloka Game Reserve 
By: 
Ahmed Ali Hassab Elkrim Siddig 
A dissertation of the M.Sc degree in Desertification Sciences 
Abstract 
This study was conducted in Al Sabaloka Game reserve, as an established reserve 
in the dry land ecosystem. It aimed to evaluate the current climatic conditions and 
trend of change, to determine the current status of wildlife and their habitat in 
comparison with the previous time, to detect the effects of climate change on the 
habitat and to assess the wildlife problems in dry lands habitat.  
The methodology that was adopted in this study has two types of data, namely 
primary data and secondary data. The primary data involved climatic data for the 
study area during previous thirty years (1978- 2007), two Landsat satellite images 
for the years 1987 and 2000, ground assessment data and questionnaire. The 
sources of secondary data include relevant documents, records and annual reports. 
The data for the major climatic elements (rainfall, temperature, relative humidity 
and winds) for the study area were collected and grouped into three periods (1978 
– 1987, 1988 – 1997and 1998 – 2007). The data were analyzed by using excel 
program. The assessment of habitats components (cover, food and water resources) 
were detected by using both remote sensing techniques and field check using GPS. 
The Landsat Satellite Images of 1987 and 2000 were analyzed by ERDAS 
software. Reconnaissance survey and field visits were made firstly then five 
sampling units (A, B, C, D and E) were selected systematically as the most 
representative sites of natural vegetation cover. The units were surveyed and 
checked on ground by GPS and then interpreted in the Satellite images. The 
ground survey information about the state of wildlife habitats in Al Sabaloka game 
reserve includes evaluation of trees composition, frequency and coverage, the 
occurrence and distribution of wild animals and surrounded hazards. The 
questionnaire was conducted for the local people to compare the past and present 
status of wildlife in the area and to evaluate the change in the climatic conditions. 
The results showed that there were fluctuations and changes in the climatic 
conditions. The habitat was found to be very poor in structure and composition 
with rare occurrence of wild animals just some reptiles and small mammals. Also 
many problems were appeared in Al Sabaloka Game reserve such as sand dune 
movement and desertification, decreasing of natural vegetation and trees cover 
density and unavailability of grasses and reduction in annual amount of rainfall 
with the lack of permanent water resources. The above mentioned factors in 
addition to weak conservation efforts had lead to disappearance of wild animals 
that used the dry land habitats. 
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The study concluded that indices of climatic fluctuations and changes are observed 
in the area plus some over-exploitation of natural resources. Consequently the 
habitats were deteriorated, some wild animals were disappeared and some were 
threatened to extinction.  
The use of remote sensing technique in detection of land cover degradation as 
indication for climatic changes is a good tool to be used in dry land habitat such as 
Al Sabaloka game reserve. Is clear that local people specially village leaders 
participated in some successful efforts banning for tree cutting and hunting of wild 
animals in the area.  
Urgent conservation and protection activities for wild animals and their habitats 
through the integration approach of management of natural resources is strongly 
recommended for Al Sabaloka game reserve ,and all similar game reserves in dry 
lands zones. As a matter of fact Al Sabaloka game reserve is proposed a Biosphere 
Reserve .The Biosphere Reserve concept calls upon wise conservation and 
sustainable development of all natural resources and the integration of local 
communities participation in conservation activities and management plans of the 
reserve. 
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Chapter One 
Introduction 
1-1 .General:  
Sudan has a large area, approximately about 2.5 million kilometers 
square, between the latitude 3°and 22°N.and longitude 22° and 38°E. 
Sudan is distinguished by gently sloping plains derived from iron rocks in 
the southern parts, clay soil in the middle and sandy soil in the west and 
north. There are many mountains like Jabel Mara in the west, Imatong in 
the south and series of the Red Sea hills in the east. 
 
1-2 .Climatic conditions: 
The climate of Sudan is dominated by arid climate with some exceptional 
conditions in some parts of the country. Rainfall increases from less than 
100mm in the north to more than 1400 mm in the extreme south (Adam 
and Abdalla, 2007). It rains usually in summer and except some areas like 
the Red Sea hills have winter rains. 
The dry lands of the Sudan are about 94٪ of the total area of the country 
(Ayoub, 1998 and Mustafa, 2007). This area is divided into many sub-
climatic zones such as arid (30٪), semi-arid (20٪), savannah (40٪) and 
mountains and wetlands (10٪), due to wide range of variation in annual 
rainfall and temperature. 
 
1-3 .Population:  
The estimated Sudan’s population in 2004 was about 39.0 million, 63% 
of them are rural people. The annual growth rate of the population is 2.6 
٪ with the average population density of 43 people per sq mile, which 
increases in the area between White Nile and Blue Nile (Alyas, 2007). 
The population had increased, during the previous sixty years, from 10.3 
million in 1956 to 25.6 million in 1993 to 30.3 million in 2002 and to 
39.0 million in 2004. Also the annual growth rate has increased from 1.9٪ 
to 2.7٪ as one of the highest in the world. AOAD (2006) reported that the 
majority of the populations of Sudan are working in agricultural (58٪) or 
pastoral activities. The remaining percentage is employed in 
manufacturing, construction, mining and civil services.  
 
1-4 .Water resources:  
In 2003 Sudan's First National Communication under the UNFCCC 
reported that surface and groundwater resources are available in Sudan 
but are generally shared with neighboring countries. Ten countries, 
namely Burundi, Democratic Republic of Congo, Eritrea, Ethiopia, 
Egypt, Kenya, Rwanda, Sudan, Tanzania, and Uganda, share the Nile, 
which is the dominant surface water supplier. The three main non-Nilotic 
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streams, Gash and Baraka are also shared with these neighbors. The Gash 
and Baraka, which come from Eritrea and the Azum flows to Chad. 
Likewise, the Nubian sandstone aquifer is shared with Egypt, Libya, and 
Chad. 
The sum of water resources available to Sudan is estimated at around 
1,000 m3. As the current population of Sudan is about 30 million, water 
available per capita is around 30 cubic meters. Sudan is beyond the 
threshold of water scarcity, but is entering the range of water stress 
(Hassan, 2006). 
  
1-5 .Forests and wildlife resources in Sudan:  
The forests resources in Sudan were estimated by FAO in 1990 to be 
about 19% of the total northern part area of the country. The national 
forest inventory which was done by FNC with the cooperation of FAO in 
1995 documented that the forest cover was 24.9% of the total area of the 
Sudan (Mukhtar and ElWakeel, 2002). The reserved forests are 837 
forests distributed all over the country. They constitute a great potential 
for biodiversity conservation. Forests play vital role as a component of 
natural resources and land use. 
Sudan is very rich in wildlife resources which are considered as an 
essential resource due to its economical, environmental, social, cultural 
and recreational values. Abdelhameed and Nimir (2007) stated that “out 
of thirteen orders of mammals endemic in Africa twelve orders are in 
Sudan. Nimir (1984) explained that about 224 species and sub-species are 
classified under 91 genera of animals were documented in the Sudan.  
Abdelhameed and Nimir (2007) mentioned that Hillman (1991) listed 
about 83 main wildlife species and their distribution in 19 nature reserves 
in Sudan. 931 kinds of birds were recorded by Nikolaus (1987). About 24 
families of Nile fishes including 106 species and about 90 species of 
snakes were mentioned by Nimir (1995).  
 
1-6.Research justifications: 
Assessment of the current status of the habitats in the different 
ecosystems is very essential and useful in planning processes for 
conservation, management and development of wildlife resources. The 
wild animals are part of ecosystem and as such they are affected by any 
change in the environment. The dry lands ecosystems included certain 
species that are affected by any environmental changes, which might lead 
to their loss. Today most of environmental changes are related to the 
climate factors. Investigation of different factors of the climate change 
and their impacts on wildlife is very important to project the future 
images of the dry lands ecosystems and to estimate the trend of the 
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economical, social, environmental and tourism values of wildlife at 
national and international levels. 
 
1-7.Research problems: 
• Dynamic rate of habitat deterioration and decline in numbers of 
wild animals’ are very speedy during the previous short time.  
• Shortage of current information about the habitat, wild animal’s 
status and the rate of climatic variations affect the planning of the 
management process. 
• The communities in the nature reserves affect the micro-climate 
with lack of participation in conservation and sustainable 
management of the dry lands habitats. 
  
1-8 Research hypotheses:  
• The changes in climatic factors had affected the wildlife and their 
habitats.  
• Other factors beside climatic factors had affected the wildlife and 
their habitats.  
 
1-9 Research objectives:  
•  To identify the main patterns of climatic changes in the dry lands 
ecosystems (e.g. Al Sabaloka Game Reserve). 
• To assess the current status of wildlife and their habitat in dry lands 
ecosystems, taking Al Sabaloka Game Reserve as a case study. 
• To investigate the impacts of the climate change on the habitat and 
the wildlife species. 
• To assess the wildlife problems and measure of risks in the dry 
lands habitat. 
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Chapter two 
Literature review 
2-1.General background:  
The wide variation of the climatic, topographic and soil factors are 
reflected on the different plants communities in the desert, semi-desert, 
low or high rainfall savannah and special areas such as the mountains and 
flood regions. These variations in vegetation communities encourage 
several patterns of natural habitats, which are maintaining the essential 
components of biological diversity particularly the wildlife.  
"Habitat" is a key concept of wildlife conservation. It is the place where 
an organism lives within a community. One might think of an animal's 
habitat as its "home" or its "address" in the community. Habitats can be 
very different in size, from a small pond (for a tadpole) to an entire forest 
(for an elk). Any habitat must have four essential elements which are 
food, water, cover and space. These four elements of habitat must 
maintain the animal life. Each species has its own habitat requirements. It 
seems obvious that wild animals need adequate habitat to survive. 
Without protecting habitat, protection of individual animal becomes 
meaningless. If animals do not have suitable habitats, they may disappear. 
www.http:// homestudy.ihea.com/wildlife/06habitat.htm. 
Sudan has several habitats distributed along the different ecological zones 
as follows:- 
 
2-1-1.Dry lands habitats: 
United Nations Convention on Combating Desertification (1994) defined 
dry lands (arid, semi-arid and dry sub-humid zones) as areas other than 
polar and sub-polar regions in which the ratio of annual precipitation to 
potential evapo-transpiration (aridity index) falls within the range 0.05-
0.65.Together arid environments account for 47.4% of the Earth's land 
mass spread geographically across all continents. Goda (2007) and 
Mustafa (2007) classified the dry lands in Sudan as showed in Table (1) 
below, each extended to million hectares. 
 
 Table (1): Classification and extent of dry lands in Sudan  
Aridity Zone Area(millions ha) % (Area of 
the Sudan) 
Aridity Index 
(R=P/PET) 
Hyper-arid  77.6 31.2 < 0.05 
Arid  63.0 25.3 0.05 – 0.20 
Semi-arid 77.6 31.2 0.21 – 0.50 
Dry sub-humid  16.2   6.5 0.51 – 0.65 
Total  234.4 94.2 - 
Source: Mustafa (2007) from Ayoub (1998).  
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Many studies stated the general characteristics of dry lands habitats. Goda 
(2007) describe the dry lands ecosystems by the following features: 
• Scarce, variable and irregular rainfall. 
• High solar energy, high and diurnal and seasonal 
temperature variation.      
• Strong frequent winds, dust storms, wind erosion. 
• A great variety of soils with salinity and sodicity problems.                            
• Water resources are mostly ground water that had 
accumulated during the rainy season in rivers or wadies.                                  
• Vegetation is open and patchy with biomass varying from 
year to year. Plants have evolved to survive extreme climate 
conditions- they are drought enduring cacti and succulents, 
drought- avoiding (annual grasses) etc. Halophytes have a 
remarkable tolerance to saline conditions. Vegetation grows 
in areas surrounding valleys and near sources of permanent 
ground water.  
• The fauna have developed physiological and behavioral 
adaptations e.g. nocturnal behavior, seasonal migration etc... 
• Population is sparse due to shortage of water and severity of 
conditions. 
 
2-1-2.Wildlife habitats: 
Sudan wildlife habitats and their occurrence in dry lands were reported by 
UNEP (2007). Adam (2002) and Adam and Abdalla (2007) bounded the 
dry lands of the Sudan from latitude 12° N till the boarder with Egypt, 
according to Sylianinov index (the ratio of annual rainfall to 
accumulated temperature in certain area). The following environmental 
regions of the Sudan were used for describing the current wildlife habitats 
and populations in Sudan:  
• Arid regions (coastal and arid region, mountain ranges, coastal 
plain, stony plains and dune fields). 
• The Nile riverine strip. 
• The Sahel belt, including the central dry land agricultural belt. 
• The Marra plateau. 
• The Nuba Mountains. 
• Savannah. 
• Wetlands and floodplains. 
•  Subtropical lowlands. 
• The Imatong and Jebel Gumbiri mountain ranges. 
• Sub tidal coastline and islands.  
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2-1-3.Wildlife distribution in the different arid habitats: 
Wildlife species are distributed in the different habitats as follows 
(UNEP, 2007): 
- Arid regions:  
 
The Red Sea Mountains, as well as those on the Ethiopian border and in 
Northern Darfur, are home to isolated low density populations of Nubian 
ibex (Capra ibex nubiana), wild sheep (Ammotragus tragelaphus) and 
several species of gazelle. Larger predators are limited to jackal (Canis 
mesomelas) and leopard (Panthera pardus). Due to the lack of water, 
wildlife in the desert plains is extremely limited, consisting principally of 
Dorcas gazelle (Gazella dorcus) and smaller animals.  
- The Nile riverine strip:  
The Nile riverine strip is heavily populated and supports birdlife, reptiles 
and smaller animals (including bats).  
- The Sahel belt (central dry land agricultural belt): 
In the Sahel belt, expansion of mechanized agriculture and roving 
pastoralists has eliminated much of the wild habitat. Although the region 
does host migratory birds, particularly in the seasonal wetlands and 
irrigated areas.  
 
- The Marra plateau: 
The forests of Jebel Marra historically hosted significant populations of 
wildlife, including lion and greater kudu (Tragelaphus strepsiceros). 
Limited surveys in 1998 reported high levels of poaching at that time. 
Due to the conflict in Darfur, there is only limited information on the 
current status of wildlife in this region. 
- The Nuba Mountains:  
The wooded highlands of the Nuba Mountains historically held large 
populations of wildlife. Nimir (1984) reported the presence of greater 
kudu, dik-dik (Madagna saltiana), porcupine (Hystrix cristata), python 
(Python sebae), and guinea fowl(Numida meleagris). The greater kudu 
has also been reported at Jebel Karan east of Abu Gibeiha (Wildlife 
Administration 1981). The animals found in Nuba Mountains include 
Dorcas gazelle( Gazella dorcus ), Dama gazelle(Gazella dama ruficollis 
),Sommering gazelle( Gazella soemmeringii ), Oryx( Aegoryx 
algazel),Ostrich (Struthio camelus ),Striped hyaena( Hyaena 
hyaena),Spotted hyaena (Crcuta crocuta) Jackals( Canis mesomelas) 
and rats.  
 All recent reports indicate that the civil war led to a massive decline in 
numbers and diversity, even though forest cover is still substantial. It is 
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clear that there are no up to date records or wildlife surveys or research 
done in Southern Kordofan or Nuba mountains for a long time due to 
war, conflicts and insecurity. WRC and WCGA with the support of 
IFAD had conducted surveys in South and North Kordofan during 2008 
and reported the presence of wild animals such as Greater kudu, Dik-
dik, Porcupine, many reptiles such as python and many birds in many 
key areas (WRC- WCGA- IFAD, 2008). 
 
2-1-4.Protection of wildlife habitats: 
The conservation process of wildlife resources was started very early 
since colonial period. In 1902 the unit of Wildlife protection and hunting 
was established under direct supervision of General British Governor in 
Sudan, but in 1935 after London convention for protection of African 
plants and animals (1933), Sudan started to establish the protected areas 
according to Wildlife Protection Act of 1935. According to the Wildlife 
law, protected areas were classified into three categories, which are 
national parks (with highest degree of protection), game reserves (limited 
use of resources could be permitted) and game /birds sanctuaries 
(protection for specific species) (IUCN, UNDP and HCENR-2000). The 
total protected area is approximately 14.2 million ha representing 5.7% of 
the Sudan (248.800.000 sq. ha). The proposed protected areas are 
estimated about 3.4 million ha (1.4%) of the total country area 
(Abdelhameed and Nimir, 2007). The protected areas in Sudan are 
distributed among many ecological zones. But the distribution of 
protected areas of dry lands habitat occurred approximately in  the 
northern latitude 12° N of the Sudan . According to UNEP (2007), dry 
lands Sudan has seven existing (Appendix 4) or proposed marine 
protected sites (Appendix 5), with a total area of approximately 576’000 
km2, and eighteen existing or proposed terrestrial and freshwater 
protected sites, with a total area of approximately 3,946,303 km2.  
 
2-1-5.Importance of wildlife:  
There is a general fact that humans depends mainly on their nature. Thus 
any damages occur upon these ecosystems is reflected negatively on the 
environmental balance and then in human life. Seed Ahmed and Ibn aooff 
(2001) displayed some of the local or national benefits of wildlife. 
 
2-1-5-1.National benefits:  
•  Annual financial contribution of the wildlife through the returns of 
exportation of animals and their parts. 
• Tourism and recreational values of the wildlife, it was considered 
national benefits by two ways either economically or culturally. 
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•  Biological benefits through the environmental balance. 
•  National scientific benefits such as research, culture, genetic and 
biological resources.   
2-1-5-2.Local benefits:  
•  Local trading of some wild animals and their parts. So the local 
community income will increase. 
•  Improvement of microclimate around the nature reserves. 
• Nature reserves will develop the community around them through 
the availability of some sorts of services. 
•  It reflects the traditional arts and culture of the local community. 
 
2-1-6.Threats to wildlife resources: 
In spite of the conservation efforts and the declaration of new protected 
areas, the degradation of wildlife resources in the country had continued 
due to several man-made factors and environmental hazards. The most 
important problems which face the wildlife and protected areas in the 
Sudan are listed by Takona (1999), Goda (2000), and UNEP (2007) as 
follows: 
• Population growth and their activities such as hunting and land 
clearance for cultivation particularly in dry zones. 
•  Limited management programs and budgets to implement the 
national strategies of wildlife conservation. 
• The absence of national plans for integrated use of lands and 
natural resources. 
•  The absence of awareness about wildlife laws and legislation 
which are concerned with wildlife and its environment. 
•  Illegal human settlement inside and around the reserves lead to 
reduction in resources due to incensement of human activities. 
• The absence of proper management plans, with shortage in 
equipment, and limited training programs. 
• The wars, civil conflicts and natural disasters (desertification, 
drought, pollution and climatic changes phenomena)  
According to Nur (2007)the most suspected hazards for wildlife 
populations and their habitats are drought, desertification, deforestation, 
floods, pollution, wild and accidental fires, conflicts, epidemics, cyclones, 
earthquake, volcanic eruption and landslides.  
 
2-2.Desertification:  
Desertification as a term used by the scientist Aubreville in 1946 for the 
first time, but as an international environmental issue, desertification was 
firstly addressed in Stockholm conference (UNCOD) in 1972 and defined 
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as the process of impoverishment of ecosystem by man’s activities 
(Dregne, 1976).  
The UNCCD (1992) defined desertification as "land degradation in arid, 
semi-arid and dry sub humid areas resulting from various factors, 
including climatic variations and human activities". UNCCD definition of 
desertification is considered the most famous one (Mustafa, 2007).  
World wise, the estimates showed that about 43 million ha of irrigated 
lands or 30% of their total area in the world’s dry lands (145 million ha) 
are affected by various processes of degradation mainly water logging, 
Salinization and sodication. While the rain-fed croplands and rangelands 
areas all over the world suffer from soil erosion by wind and water, 
depletion of nutrients and vegetation degradation (Mustafa, 2007). 
According to classification and extent of the dry lands in Sudan (table 1) , 
Ayoub(1998) stated that there are 234.4 million ha constituting about 
94% of the total area of the country ,which is prone to different degrees 
of desertification . 
According to definitions of desertification, the processes restricted to 
arid, semi-arid and dry sub-humid areas as follows:  
• Degradation of vegetation cover. 
• Wind and water erosion. 
• Salinization and sodication.  
• Reduction of organic matter and accumulation of toxic substances. 
• Soil crusting and compaction. 
Desertification has many severe and damageable effects on the human 
life economically, environmentally and socially. The most important 
influences of desertification as mentioned by Nur (2007) are:  
• Loss of soil fertility causing low productivity and lower economic 
return and food gaps. 
• Reduction of crop quality. 
• Lead to displacement of people (environmental refugees) because 
of deterioration of their life support system. 
• Desertification in general, may reduce the national biodiversity by 
pressing on the natural habitats. 
• Suspended soil particles affect the scattering and absorption of 
solar radiation and hence affect the microclimate. 
• Loss of wildlife and forest resources, then depriving local people 
from their benefits. 
• Vegetation degradation affects on CO2 sequestration sources and 
adversely contributing to climate change. 
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2-3.Climate change:  
2-3-1.Definition: 
It was defined by UNCCC as a change of climate which is attributed 
directly or indirectly to human activity that alters the composition of the 
global atmosphere and which is in addition to natural climate variability 
observed over comparable time period (UNFCCC, 1992- article І). 
2-3-2.Causes and concepts of climate change: 
Williams and Balling (1996) and Mustafa (2007) divided the theories that 
explain climate change phenomenon into three categories, namely (a) 
extraterrestrial (b) terrestrial and oceanic changes (c) Atmospheric 
changes. 
(a) Extraterrestrial :this theory visualizes a linkage between solar 
output ,as estimated by solar sunspot numbers, and global climate 
for changes of global temperature ,at short time scales (months to 
decades) or longer time (centuries) , the out put of the sun varies 
significantly and it has impacts on the temperature of the planet. 
(b)  Terrestrial and Oceanic changes: there is a linkage between 
variations and trends in the climate and those that occur at the 
earth surface and the thermal and chemical changes of oceans. 
Oceanic circulations at shorter timescales have marked impacts on 
the climate of the dry lands such as the linkage between regional 
and global sea-surface temperature and dry lands temperature and 
precipitation patterns on seasonal inter annual scales. In 
terrestrial’s life human activities may influence the climates of the 
dry lands either by reduction of the vegetation cover or alteration 
of surface roughness or by both.  Thus, future ocean changes and 
irrational human activities will force the future variations and 
trends in climate. 
(c) Atmospheric changes: it has approved that changes in the 
atmosphere’s chemical composition or aerosol load have 
significant impacts on climate. The components of the atmosphere 
that affect climate include volcanic dust in the stratosphere mainly 
sulphur dioxide SO2  ,dust in the lower atmosphere and 
anthropogenic greenhouse gasses GHGs (it considered dominant 
mechanism)such as carbon dioxide(CO2),  methane(CH4), 
tropospheric ozone (O3), nitrous oxide (NO) and 
chlorofluorocarbons( CFCS) . 
 
2-3-3.Evidences of climate change: 
 Evidences of Climate Changes in Sudan actually have been stated by 
Adam and Abdalla (2007). Also many authors from different countries 
had agreed with them.  The most common evidences or indications of 
climate change are: 
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• The Increase of the global mean surface air temperature to 0.6oC 
from the normal during the previous 100 years.  
• Global sea level has risen by 1.0 – 2.0 cm over the same period of 
time. 
• The increase in greenhouse gasses GHGs which already keeps the 
earth warmer than it would be. 
• Decreasing of annual precipitation and oscillation of rainfall. 
• General increasing in Sea Surface Temperature. 
 
2-3-4.Potential Impacts of climate change:  
In 13th conference of Forest National Corporation (FNC) which was held 
in 2007, Al asha presented that changes in temperature, precipitation and 
sea level rise will impact on many sectors as follows: 
• Water resources may suffer from many crises such as changes in 
water supply, quality and composition.  
• Agricultural sectors directly will influenced by changes in crop 
yields, increasing in irrigation demands and shift in productivity.  
• Forestry will face changes in forest composition, health, 
productivity and shift in geographic range of forests. 
• Biodiversity is affected by the changes in species composition, 
shift in geographic range of ecosystems and extinction of 
endangered species. 
• Coastal and marine areas may be influenced by water erosion and 
flooding, then the fauna and flora composition of wetlands might 
be affected. 
• The sectors of energy and industry may be affected by hydropower 
changes, changes in energy demand and changes in products 
demand. 
The climate change phenomenon has many effects in the field of wildlife 
and their habitats as well as the above mentioned sectors. The major 
impacts of climate change on wildlife habitats are changing animals’ 
range and distribution. Also it affected habitats quality, the timing of 
migration and responsibility, conflicts between migratory species and 
human activities with significant impacts on local communities .Climate 
change has potential effects on most migratory bird’s species which are 
listed in CMS (WWW.Defra.com, 2005). Internationally, Most of 
migratory birds regulate their seasonal flight from the cold to temperate 
countries between their nesting zones (original homes) to their wintering 
areas in tropical regions. So it may influenced by climate change.  
The combination of the reasons such as drinking water availability and 
the defuses of food and others may stimulate the terrestrial mammals 
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migration. Al these reasons are related and affected by climate change (Al 
asha, 2007).  
The climate change had especially impacts on marine mammals when the 
plankton and sea temperature are influenced by the change in the climate. 
Also the reptiles which have repetition migration may be faced by many 
hazards caused by climate change (WWW.Defra.com, 2005). 
 
2-3-5.International efforts for adaptation: 
The international efforts of climate change adaptation were started in the 
end of 1970s simultaneously with other environmental issues such as 
desertification. Carter (2007) from Finnish Environment Institute stated 
in his brief introduction to the Intergovernmental Panel on Climate 
Change (IPCC), the evolution of International efforts for Adaptation with 
Climate Change started by the first world climate conference in 1979 
which was stated that the continued expansion of man’s activities on 
earth may cause significant extended regional and even global changes of 
climate. The efforts continued hardly until 2007, IPCC Fourth 
Assessment Report (AR4) .Also Intergovernmental Panel on Climate 
Change and Albert Arnold (Al) Gore Jr. awarded Nobel Peace Prize "For 
their efforts to build up and disseminate greater knowledge about 
manmade climate change and to lay the foundations for the measures that 
are needed to counteract such change" 
 
2-3-6.National efforts for adaptation: 
Sudan signed and ratified UNCCC in 1994. Due to commitment of the 
state parities, Sudan has started to implement many projects related to 
adaptation with climate changes and mitigation their effects. This 
mentioned project was worked hardly in many relevant activities in 
Sudan, such as: 
• Training programmes for Sudanese citizens on climate change 
concepts and handling, its consequent effects, adaptation strategies 
and mitigation, their influences based on scientific bases. 
•  Green house gasses (GHGs) inventory from their resources. 
•  Study and survey to identify which sectors will be affected by 
climate change particularly the sectors of agriculture, forestry, 
health and water resources among whole Kordofan states. 
• Studies and researches on stopping emissions of GHGs actually 
finished and submitted to funding authorities.   
2-3-7.Impacts assessment of climate change: 
Climate change impact assessment defined by (UNEP and IES, 1998) as 
the researches and investigations designed to find out what effect future 
changes in climate could have on human activities and the natural world. 
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Climate change impact assessment is also frequently coupled with the 
identification and assessment of possible adaptive responses to a 
changing climate. To the extent that adaptation can reduce impacts, the 
assessment of adaptation measures is part of impact studies. Thus impacts 
may be described as “gross” or unmodified impacts and as “net” impacts 
after adaptation has been taken into account. In the absence of controlled 
experiments, other ways have to be developed to try to find out what the 
expected impacts of climate change. (Ramsar, 2006).  
There are five approaches which have been applied as investigation 
techniques to try to cast more light on the potential impacts of future 
climate change: 
• Palaeological, archaeological, or historical studies of how climate 
changes and climate variations in the past have affected human 
and/or natural systems. 
• Studies of short term climatic events which are analogous to the 
kind of events that may be expected to occur with human induced 
climate change, such a droughts, and floods. This approach (the use 
of climate analogies) has been developed into a formal method 
called “forecasting by analogy”. 
•  Studies of the impact of present day climate and climate 
variability. 
• The creation of models, often quantitative of the relationship 
between climatic variables and selected impacts sectors to try to 
answer the “what if” kinds of question. 
• Expert judgment, which refers to a variety of methods whereby 
especially well informed and experienced specialists are brought 
together to develop a consensus view. 
The first three approaches listed (historical climate impacts, analogue 
impacts, and contemporary climate impacts) are therefore important as 
inputs to the assumptions made in models, and serve as the best ‘reality 
check” available. The fundamental problem that all of these methods face 
is that all approaches are based on observations and experience with 
climate change and climate variability. Climate change may introduce 
new conditions that have not been seen and that are not understood. 
While the results of these assessments may be the best information we 
have on potential impacts of climate change, they should not be 
interpreted as reliable forecasts of the future (Feenstra et al, 1998). 
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Chapter three 
Study Area 
3-1 Location and area: 
Al Sabaloka was declared in 1946 as a game reserve in the semi-desert 
zone .It is located about 82 Km north of the capital Khartoum., located  
between latitudes 16° and  16° 45 ًNorth and longitudes 32° 15 ً and 32° 
44 ً West(Figure 2) . The area is about 116000 square hectares. It extends 
between Khartoum and River Nile states, but most of the area is in river 
Nile state, and on both western and eastern banks of river Nile 
(Abdelhameed and Nimir, 2007). The largest part of the reserved area lies 
in the western bank of the Nile (Hassan 2006). 
 
 
 
 
 
 
 
 
  
Figure (1): Location of the study 
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3-2 .Climate: 
General climatic conditions of this study area are correlated strongly with 
the River Nile State which is dominated by desert and semi-desert 
climatic features. The most important condition is the occurrence of 
severe and long dry season extending for eight months. 
 
3-2-1 .Temperature: 
The summer season usually starts from April to October with high 
temperature. Normally it exceeds 49C˚ in summer, but in winter 
temperature has been recorded as low as 1.5 C˚, and it rises as we go 
from south to north (Hassan, 2006). May and June are the hottest months 
with mean daily maximum temperature of (41.3) C˚. The coldest month 
of the year is January with a mean daily minimum temperature of (12) C˚ 
(SMA reports (1970-2000)). 
 
3-2-2 .Rainfall:  
The rainy season is extended in the months of June, July, August and 
September. It was observed that clouds are generally rare so rainfall has 
not exceeded hundred mm per year since 1973. The monthly and annual 
variability is very wide (SMA reports (1970-2000)). 
Table (2): Temperature, wind direction and speed and annual rain 
fall in Al Sabaloka from 1970 to 2000. 
Wind 
 
Temperature Month  Mean 
annual 
Rain fall 
In mm 
Prevailing 
Direction 
Mean  
Speed 
in   
M.P .H 
Mean max 
temperature 
Mean min 
temperature 
Jan   0 N E 4 30.4 13.8 
Feb 0 N E 4 32.3 14.7 
March 0 N E 4 36.0 18.3 
April 0.2 N E 4 40.0 22.3 
May 1.8 N 3 41.6 26.0 
June 3.4 SW 4 42.3 27.4 
July 14.3 SW 5 40.1 26.9 
Aug 32.9 SW 4 39.4 26.4 
Sept 12.4 SW 3 40.4 26.7 
Oct 4.7 N 3 39.5 24.9 
Nov 0 N 4 35.3 19.7 
Dec 0 N 4 31.4 15.5 
Source: Sudan Metrological authority (Khartoum) – Extract from table of 
Shendi climatologically normals for period (1970 - 2000). 
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3-2-3 .Humidity:  
According to SMA records (1970-2000) relative humidity in Al Sabaloka 
game reserve usually is less than 20% for most months of the year, 
because of frequent windy situations, high temperature degrees is 
dominated the site with only 10.8 mb of vapor pressure. 
 
3-2-4 .Winds: 
The winds in the site are variable in directions and speeds; usually it 
changes from north to north east from October to May. The prevailed 
winds from the desert are hot and dry in summer and cool and dry in 
winter due to lack of humidity. Velocity of the winds is very high 
reaching 4 M.P .H. in the months of November to February and is about 3 
M.P .H during the rest of the year .The wind cause frequent dust storms 
that build up over the desert. 
 
3-3 .Geology and soil:   
According to Buursink (1971), the underlying bed rock consists of pre-
Cambrian basement complex granite and associated metamorphic rocks. 
The cretaceous Nubian sandy stone over lies the pre-Cambrian basement. 
The Nubian series are well bedded and divided into sand stone, sandy 
mud stone and mud stones.  
The soil is classified into two main orders, Entisols and Arid sols. The 
Entisols is dominant on the firs terraces which are narrow strip closely to 
river banks. But the area that is away from Nile such as second and third 
terraces are characterized by arid sols features. In addition to those, there 
are khores and wadies soils. They are very young and excellent alluvial 
fertile soils. The clays and alluvium soils are present near the river Nile. 
In general the area is dominated by shitting sands in sheets and dunes 
with occasional alluvial depression consisting of loams and clays 
associated with dry water courses.  
 
3-4 .Topography: 
The observed  features of the lands of the study area is typically like all 
areas around the Nile, it consists of the Nile stream depression and then 
the land starts gradually raise up for  approximately one kilometer to 
make geref alleviation which is extend away flatly as plain . Also some 
sandy dunes and mountainous series are found.  
  
3-5 .Population:  
Generally the population of River Nile state, according to the 1993 census 
was approximately 781583 people. The rate of growth of population 
is1.85% ,less than country rate of growth (3.22%).About 9.6% of the total 
population live in the urban area while the other (70.4%) live in rural 
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areas (Hassan ,2006). There are many villages inside or around the study 
area as Wad Hamid, Wadi bushara, Wadi Al Tibna and Al Hogan. The 
main occupation of the population who live in these villages is agriculture 
although there are also some merchants and traders. Nomads began to 
settle in the area following the drought of 1993 when they completely lost 
their livestock.  
 
3-6 .Vegetation Cover:  
The Natural cover of study area is very poor, sparse and scanty vegetation 
due to its geographical location in the semi-desert of the country; accept 
along the Nile banks and water courses where ephemeral herbs and 
grasses occur after more rainfall. In the basin and along the banks 
Phoenix dactylifera (Date palm), Acacia nilotica (sunut) Faidherbia 
albida (hraz), Acacia seyal (Taleh), Tamarex aphyla (Terfa) and Acacia 
tortilis sub-sp tortilis (samor) are found. 
Braun (1991) and Hassan (2006) stated that the vegetation is typically as 
the semi-arid region, which it includes some scattered perennial 
vegetation, bushes and woody succulent thorny or leafless shrubs. It is 
classified as A. tortilis, Maerua garssifollia association. The dominant 
species is A. tortilis sub-sp radiana (seyal). Other species in the 
association are A. seyal (Taleh), Balanites aegyptiaca (Higlig) and 
Ziziphus spina-chirsti (Sidir). Among the shrub species are Calotropic 
procera (usher), Caparis decidua (Tundub) and Lyptadenia pyrotechnica 
(Marikh). The ground Flora is dominated by Aristida mutabihis (Gawe) 
with Cymbopogan nervatus (Maharaib) and Panicum turgidum (tumam) 
.In general the river Nile State reserved forests suffer from depletion, not 
only by severity of local conditions but also by native people 
consumption and illegal commercial cuttings. Due to that, some or many 
of the reserved forests were completely removed (Goda, 2000). 
 
3-7 .Fauna: 
This reserve had been established in 1946 mainly to protect Barbary 
sheep (Ammotragus lervia). Abdelhameed and Nimir (2007) reported that 
the area have few mammals like gazelles, rabbits, foxes, snakes and some 
small nocturnal mammals. These wild animals are well adapted with arid 
conditions. El Maghrapy ( 2009) reported some species from the area 
include: the Dorcas Gazelle, Red fronted Gazelle, Spotted Hyena. The 
desert fox has not been seen for some time. The Nile monitor (Varanus 
niloticus) is common. A single crocodile was seen in Dagash and the 
spoor of another was found in Sabaloka. None of the mentioned species is 
endemic to the area. Generally speaking the area is poor in the way of 
biodiversity, both qualitatively and quantitatively.  Some previous studies 
documented many birds species either indigenous or migrants. 
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The fauna is extremely sparse comprising:  
• Arthropods: Flightless or have weak powers of flight like ant-lions, 
termites beetles. These are less easily dispersed by wind. 
• Arachnids: Scorpions, spiders, ticks. 
• Insecta: House fly,  Black fly and nimitti are most prevalent 
• Vertebrates: Lizards, gecko, bats, Buffo regularis, insectivores 
(hedgehogs), rabbits, mice and rats as well as bats; foxes and 
mongoose; commonly seen along the Nile banks. 
• Birds: Nearly 50 species were reported in the area including: Grey 
heron, Buff-backed heron, Squacco heron, Night heron, Egyptian 
vulture frequently seen throughout the length of the Nile Valley; 
Nubian vulture; Short toed eagle; Abdim’s Stork, Sacred Ibis, Palm 
Swift, Pied Wag Tail, Pied King Fisher,   Pallid; Crested Lark; 
Night Jar, Egyptian Goose, Black Kite, African Stilt, Masked 
Weaver, Black headed Sea gulls, African Skimmer. 
 
3-8. Land use: 
agriculture is widly addopted  in the small holders by local residence 
speciffically near  the Nile strip . the most grown crops are onion , 
watermellone , green fooder (Abu70) and some kinds of vegetables . 
theres another system of cultivation in uper lands (inside the reserved 
area) which are depend compeletlly on rainwater .although ,rainfall is low 
but watermellone dominated the area. Grazing animals also it considered 
one of the major land use type in Al Sabaloka area which is practiced for 
goat and sheep around the Nile strip and inside the game reserve. 
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Chapter four 
Materials and Methods 
4-1.General overview:  
The main concept of this study is to investigate the main indicators of 
climate changes and its potential impacts on wildlife habitats in dry land 
Sudan; particularly in Al Sabaloka game reserve .The assessment is 
focused on changes during the period 1978-2007.  
The methodology of this study depends on collection of two types of 
data, namely primary data and secondary data. The primary data involved 
direct observation during field survey, ground assessment data and 
questionnaire. The sources of secondary data include climatic data for the 
study area during previous thirty years (1978- 2007), two Landsat 
satellite images for the years 1987 and 2000 research documents, national 
and international relevant projects documents, related official records and 
annual reports. 
 
4-2.Detection of changes in climatic factors:  
A set of major climatic data for the study area was collected, such as 
rainfall, temperature, relative humidity and winds. The data were grouped 
into three periods (1978 – 1987, 1988 – 1997, 1998 – 2007) .The analysis 
of data is done by using excel program for the current climatic conditions 
in comparison  with the past.  
 
4-2-1.Detection of rainfall variability: 
Two criteria were used to test the changes in rainfall upon the duration of 
the study. These criteria are the duration of annual rainy season and the 
amount of annual rainfall. The duration of annual rainy season is obtained 
by counting the number of days between the date of first rain and the date 
of last rain in certain year, also annual amounts of rainfall were estimated 
by the averages of annual rainfall for every year.  
 
4-2-2.Detection of air temperature changes: 
One criterion was adopted to detect the changes and trend of changes in 
air temperature in the study area. Monthly mean temperature at months of 
particular year is calculated as follows: 
Mean monthly Temp =    Max monthly Temp + Min monthly Temp 
                                                                          2 
4-2-3.Detection of winds:  
Detection of wind is studied through the wind speed. Monthly mean 
speed of winds is calculated during the study period (1978-2007). 
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4-2-4.Detection of relative humidity: 
It is detected by analyzing monthly relative humidity of the area during 
the period of study (1978 – 2007). 
 
4-3.Detection of the habitats:  
The assessment of habitats mainly concerned with the basic requirements 
of wild animal which are food (including water) and cover. These main 
components of the habitats were investigated using both remote sensing 
techniques (satellite images analysis) , field sampling using GPS and the  
questionnaire.  
 
4-3-1. Detection of habitats by use of remote sensing:  
The data were used at this section mainly is based on two Landsat TM 
and ETM scenes covering the study area. The images were acquired on 
3/November 1987-TM (Figure2) and 24/December 2000-ETM (Figure3). 
The TM and ETM data (table 3) have been acquired simultaneously in 
seven and nine spectral band respectively. Satellite imageries were 
analyzed qualitatively (visual interpretation) and quantitatively 
(information is extracted by the aid of computer and ERDAS software 
program). The combination of both classification methods (supervised 
and unsupervised) and spectral change detection techniques were used. 
Sufficient ground way points (GPS) were used to verify the classification 
and also to observe and record the vegetation composition wild animals’ 
signs and land use types.  
 
Figure (2): Al Sabaloka game reserve classified image – 1987  
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Figure (3): Al Sabaloka game reserve classified image - 2000 
 
Table (3): Instrument of ETM and TM image  
 
 
 
 
 
ETM+ TM INSTRUMENT 
7 Landsat 4 or 5 Landsat Landsat 
2000 1987 Date 
9 bands 173-49 Path /row no 
" 7 bands Spectral bands (µm) 
" 1- 0.45 – 0.52 (Blue) - 
" 2- 0.52 – 0.60 (Green) - 
" 3- 0.63 – 0.69 (Red) - 
" 4- 0.76 – 0.90 (near IR) - 
" 5- 1.55 – 1.75 (mid IR) - 
" 7- 2.08 – 2.35 (mid IR) - 
" 6- 10.4 – 12.5 (thermal) - 
30m by 30m 
(with30m by 30m 
plus 0.52 – 0.90 
(panchromatic) 
15m by 
30m by 30m (only band 6 
is 120 by 120) 
Ground resolution 
8 8 Dynamic range (bits) 
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4-3-2. Detection of habitats by field sampling using GPS: 
 
A complete measure (100%) of various components of wildlife habitats 
can not be made because of the large size of the area and difficulty of 
terrain. To gain a great accuracy, adoption of sampling methods have 
been made to get the information about the selected units of the habitats 
(figure 4).  
Reconnaissance survey and field visits were made to select the suitable 
locations that represent the different types of habitats which are found in 
the area.  The sampling work involved data collection to provide three 
types of information about the different wildlife habitats. The first 
involved evaluation of trees coverage (cover), the second one was for the 
evaluation the range (food), and the last one was for surveying the wild 
animals found in Al sabaloka game reserve.  
Five sampling units (A, B, C, D and E) were selected covering the 
different sites and variable natural vegetation cover. A sampling unit (16 
o.20” / 32o.40”) lies directly in the complex series of mountains in 
western bank of the Nile to represent the mountainous habitats. Habitat B 
(16 o.20” / 32o.20“shows the south western plains habitats. The central 
(rill and streams) habitats were shown as habitat C (16 o.30” / 32 o.30”). 
Habitat E (16 o.40” / 32o.20”) and D (16 o.40” / 32o.40”) cover the 
western south and western north parts respectively which are 
distinguished by rocks, gravels with high sand dunes. 
The selection of these working units was made possible with the help of 
the visual interpretation of the satellite images of the study area and 
advices of local people who have the experience with regards to wildlife 
presence, movement and habitat preference. Then the grid of plan and 
sampling plot units was prepared on the map using computer programmes 
as it shows in figure (4) below. In each sampling unit regular circle plot 
sampling method were adopted with an area of 3.14 km2for each unit. 
Any circle plot unit was divided into four line plots as well as radius of 
the circle, each one of them is towards the directions of the main degrees 
of the circle from the circle center (0o or 360o, 90o, 180 o and 270o). The 
length of the line plot is 1km, circular sample plot with radius 17.84 m 
was designed by using distance tape every hundred meters (100m) along 
the line plot (1km). 
The identification of the centers of the five circle plot units and the 
distances between the circular sample plots (200 samples) upon the lines 
plots (20lines) was controlled by using GPS. 
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Figure (4): The Field layout and sampling locations in Al sabaloka 
game reserve 
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 Sampling Units: 
A- 16 o.20  / 32o.40                                                              ____ North                      
B- 16 o. 20 / 32o.20                                                        1 cm : 4.5 km 
C- 16 o.30 / 32 o.30                                        any 10 Minutes = 5 cm 
D- 16 o.40  / 32o.40 
E- 16 o.40  / 32o.20 
In the center of each sample, a quadrant (1×1m2) was used to measure the 
species type(s), frequency and some remarks for under stories grasses. 
Also inside the same circular sample plots, simultaneously trees cover 
measurements were taken such as number of key trees species and their 
frequency in the sample. DBH (cm) was recorded by using caliper, hight 
(m) by using haga and crown diameter (m) by using distance tape for the 
selected species in the sample. This above information was recorded in 
special designed forms for both trees cover as found in appendix (2). 
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4-4. Detection of changes in water resources:  
Remote sensing techniques was used mainly to describe the occurrence of 
water resources, its distribution along the studied habitats and field 
observations was done as ground investigation procedure. The linkage 
between the information that obtained from the two different satellite 
images (1987 and 2000) and current ground investigation of water 
resources was used to estimate the trend of water resources availability. 
 
4-5. Detection of wild animals:  
The information regarded wild animal population in the study area was 
collected by direct field observations among the sampling units to record 
the species or their signs like skin, feather, fecal, pellets etc. Also data 
was collected from direct observations along the roads. The questionnaire 
was conducted for the villagers who live around or inside the reserved 
area to compare the past and present status of wildlife. This followed 
procedure for detecting wild animals is called foot or ground methods 
according to N-Griffiths (1987) and Takona (1999).  
 
4-6. Detection of hazards:  
Hazards and some surrounded problems were investigated through 
observations in the field, questionnaire feedback and some documents 
relevant with the wide scale (zone wise) but it touch the study area. Also 
interpretation of different satellite images for the area was used to 
identify the hazards and their trend. 
 
4-7. Detection by Questionnaire:  
Questionnaire as tool being used to collect additional data about the past 
and current status of wildlife in the area and the trend of change of the 
habitats and the major wildlife constraints in the area. 
 
4-8. Data analysis: 
Results will be obtained by using the following types of analysis 
programmes: 
1- ERDAS IMAGINE soft ware for satellite images analysis. 
2- SPSS was used to analyze the questionnaire. 
3- Excel program was used for analyzing the ground inventory 
data and climatic data. 
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 Chapter Five 
Results and Discussion 
 
5-1 Climatic conditions analysis:  
The climatic variation of the studied site for 30 years was analyzed by 
grouping the data into three periodic categories with ten years for each 
group such as (1978- 1987 / 1988- 1997 / 1998- 2007). 
 
5-1-1. Rainfall:  
The average amount of annual rainfall in Al Sabaloka game reserve in the 
three studied periods (1978 - 1987 / 1988 - 1997 / 1998- 2007)  showed 
clearly the decreasing trend in rainfall amount which are 
148.4mm,140.5mm and 136.2mm respectively (figure 5). That may 
reflect the permanent shift in isohights, so it may cause negative changes 
in annual rainfall. The average length of the rainy season in the period of 
1978 to 1987 was just 76 days as the lowest value. This result might be 
related to drought period which faced this area. In the other two periods 
(1988 -1997 and 1998- 2007) the average length of rainy season was 119 
days and 115 days respectively .This results emphasis that Al Sabaloka 
habitats are affected by the climatic changes and variability, as showed in 
low vegetation cover as were recorded by many authors. (Badi, 2004) 
stated that there are relation between forests cover changes and rainfall 
shift in central Sudan during (1930 - 2000). 
 
Figure (5): The average length of rainy season (days) and average 
annual rainfall (mm) in Al Sabaloka game reserve. 
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5-1-2. Temperature:  
 
Figure (6): The variation in monthly average mean temperature (C◦) 
in Al Sabaloka game reserve during 1978 – 2007.  
 
 
 
The detection of monthly average mean temperature (C◦) in Al Sabaloka 
game reserve during the three periods (1978- 1987, 1988- 1997 and 1998- 
2007) recorded the lowest value of temp. in January (coldest month), 
while June is considered the hottest month with highest value of temp. 
The variation in average monthly mean temp. in both January and June 
during these three periods reflects that there were continuous fluctuations 
of temp. Degrees, but generally the rising up of the monthly mean temp 
was observed. This may aggravate the risk of permanent temperature 
increasement in Al Sabaloka area and then influence the biodiversity on 
the site, that agreed with what Al asha (2007) mentioned. 
 
5-1-3 Winds:  
Monthly wind speed as displayed in the histogram (below) showed the 
wide range of variation in speed values in each month upon the three 
decades. July has highest values which were  varied from 7.5 N , 6.7N 
and 6.5 N for the period of 1978 - 1987 ,1988-1997 and 1998- 2007 
respectively . The lowest values of wind speeds are in October and 
reduced from 4.8N to 4.5N to 4.4N in the three above mentioned periods. 
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Figure (7): The variation in monthly average mean wind speed 
(knots) in Al Sabaloka game reserve during 1978 – 2007. 
 
 
NOTE: 1KNOT           = 1.85 KM/HR 
 
The variations of wind speed values within or between months during the 
mentioned previous thirty years may refer to impacts of drought in the 
early 80th and the reduction in vegetation cover due to natural and human 
induced factors. Also wind speeds for all months in the last period (1998-
2007) were recorded as the lowest values as compared with the other two 
periods (1978-1987 and 1988-1997).Generally the changes and variations 
in the wind speed in Al Sabaloka game reserve during the studied periods 
are indication of climatic fluctuations in the area as well as the deviation 
in other climatic factors .The effects on wildlife and their habitats 
probably will occur simultaneously with the global climate change.  
 
5-1-4 Relative Humidity: 
The figure (8) shows the variation in monthly relative humidity in Al 
Sabaloka game reserve during 1978 – 2007 .Generally it was observed 
that the lowest relative humidity values of each month are in the period of 
1978-1987, concurrently occurred with the driest years which faced the 
country in the past due to reduction in the length of rainy seasons (just 76 
days) as shown in figure (5). 
August is a rainy month, usually recorded highest values of relative 
humidity during the three periods (1978- 1987, 1988- 1997 and 1998- 
2007) while April (dry season) recorded the lowest values during the 
three periods. The highest monthly values of relative humidity in all 
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months were clearly detected in the last period (1998- 2007) in 
comparison with the other two periods (1978-1987 and 1988-1997). 
 
Figure (8): The variation in monthly relative humidity in Al 
Sabaloka game reserve during 1978 – 2007.  
  
 
 
The rising up trend during the three periods may return to the reduction in 
the wind speeds and the annual amount of rainfall simultaneously at the 
same periods (appendix 3).       
 
5-2. Habitats assessment results:  
It was talked by satellite images analysis, ground survey analysis and 
questionnaire analysis  
 
5-2-1.Satellite images analysis: 
It appears from the figure (9) below that the change in land features 
(rocks, vegetation, water streams, sand dunes and bare areas) categories 
varies over time as increasing or decreasing. The comparison between 
these categories obtained from the classification of imagery TM 1987 and 
ETM 2000, indicated that the land cover of Al Sabaloka game reserve 
have a changes (decreasing) in the area of vegetation, rocks, sand dunes 
and bare lands between 1987 and 2000,but the area of water streams 
increased . The decreasing in the area of vegetation cover is used as 
indicator to evaluate the extent of climate change in relation to other 
climatic results, affecting the food and cover of the wild animals, while 
water streams had increased might be due to human agricultural activities 
that increased in the area since the establishment of the reserve.            
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Figure (9): The dynamic change of land cover area(ha) in Al 
Sabaloka game reserve taken by satellite images for 1987and 2000. 
 
 
 
5-2-2. Ground survey analysis:  
Al Sabaloka habitat are delineated according to major structural and 
ecological characteristics .Five habitat units(A,B,C,D and E) in the area 
lying within the reserved zone were selected and sampled for habitat 
structure and composition and for wildlife presence . Any habitat unit 
divided systematically to 40 sample plots with 0.1 hectare. In each 
sample plot the parameters as averages were used in association with tree 
species, including the average number of trees, average tree diameter 
(cm), average tree height and average crown diameter. 
 
Figure (10): Average number of trees in the mean sample plot at the 
habitat units. 
 
Generaly the number of trees per unit area in dry land Sudan is low 
(Braun, 1991) and Hassan (2006). It is clear that in figure (10) the highest 
value of average number of trees (4 trees/sample )  in 0.1 hac in unit D,  
which is located in the easterly north direction near the River Nile bank. 
But habitat A has no trees (zero) because the site characterized by 
mountainous and rocky features ,except for scanty bushes and grasses in 
the rills .  
Normally crown dimeter is used to know the coverage percent of the 
crown of trees on the land. Figure (11) shows that the lowest values of the 
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crown dimeter in habitat A and B   are 0 and 0.05 m respectively. But the 
habitats C, D and E have well crown dimeter particularly habitat (D) has 
highest value (1.67 m). According to these figures the % coverage and 
shade of trees is well in the center part (habitat C) and northen parts 
(habitat D and E) where the wild animals were present in comparison 
with the other parts (southern habitat A and B) (ref. local communities 
reports).   
Figure (11): The Average crown diameter of the trees in the mean 
sample plot at the habitat units. 
 
 
 
Figure (12): The abundance, composition and frequency percent of 
tree species in the different habitat unit of the study area. 
 
 
From the above figure(12) ,the abundance of trees species in Al Sabaloka 
are very poor as it stated before by many authors who studied the dry 
lands  flora such as Harrison  and  Jackson (1954) ,DECARP report 
(1976) and Al amin (1990)  .The current trees composition in Al 
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Sabaloka habitats is  composed mainly of Al Sereh (Boscia angustifolia), Al 
samure(Acacia tortilis), Al salem(Acacia eherenbergiana) ,Tundub (Caparis 
deciduas) and Al seyal(Acacia tortilis sub-species radiana). The abundance of 
tree species in different habitat units showed that no trees species in 
habitat A absolutely.  Al sereh is found in the other four habitats (B, C, D, 
and E) with highest species composition (54%) in all over the area as it 
shown in figure (13). But Al seyal recorded a lowest value of total species 
composition by just 1% and its occurrence restricted in the central 
habitats (C) with lowest value of species percentage frequency 2.5 % as it 
displayed in table (4)    
 
Table (4): Trees species abundance, composition and frequency 
percent in    the different habitats units of the study area. 
 
 
 
 
 
  
 
During this study, it was found that wildlife in the area is very rare .The 
directly observed animals during the field sampling after sunset in the 
road between habitat A and B is just foxes and wild cats. Signs of snakes, 
feces of gazelles and pits of reptiles and mices, were seen in the different 
places (most habitats).The estimated average number of pits of these 
small mammalian species in 1m2 quadrate was 8pits. 
  
5-2-3. Questionnaire analysis: 
5-2-3.1. Local community and wildlife: 
The respondents from local community gave good information about the 
past and current status of wildlife in the area. They mentioned the trend of 
change of the habitats and the major wildlife constraints in the area. 
Figure (13) shows the present occurrence of wildlife according to 
respondents in or around Al Sabaloka game reserve. 
From the above figure (13) the most observed species are gazelles and 
reptiles which were seen by 57.7% and 35.1%respondents respectively. 
But foxes and wild cats are occurred rarely in the area according to few 
percentages of the respondents. The gazelles are mostly the dorcus 
gazelle as reported by the respondents. 
 
 
 
Unites Al Samure Al Sereh Seyal Tundub Al Salem 
A 0 0 0  0 0 
B 0 100 0 0 0 
C 15 77.5 2.5 5 0 
D 60 10 0 7.5 22.5 
E 55 15 0 20 10 
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Figure (13): % of the Respondents in relation to wild animal’s 
occurrence in Al Sabaloka game reserve. 
 
 
 
5-2-3.2. Role of community in wildlife conservation: 
The analysis of questionnaire showed the methods of community 
participation in wildlife conservation activities (table 5).About 22.7% of 
the respondents worked as reporters to wildlife authorities in case of any 
crimes or dangers against wildlife and their habitats. This percent 
reflected the highest degree of awareness of the community.  
 
Table (5): Role of community in wildlife conservation in Al Sabaloka 
game reserve. 
 
 
 
 
 
 
 
 
 
 
5-2-3.3. Benefits of wildlife: 
The importance of wildlife in the area which was mentioned by the local 
residents is summarized below in table (6). Approximately 28.9% of the 
respondents emphasized the pioneer role of wildlife in food production 
particularly during harsh conditions, which may reflect that wild animals 
are hunted or poached for food .The area has tourism value (19.6%) 
because it is close to cultural heritage sites of the River Nile States.  
 
 
Community participation by % of 
Respondents 
Reporting for crimes 22.7 
Extension activities 7.2 
Stop trees cutting 7.2 
Monitoring of hunters 5.2 
Others 6.2  
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Table (6): Importance of wildlife in Al Sabaloka game reserve in the 
present time. 
 
The Importance % of Respondents 
Food source 28.9 
Tourism value 19.6 
Economical revenues 8.2 
Environmental balance 6.2 
Others 9.3 
 
5-2-3.4.Wildlife constraints in Al Sabaloka game reserve:  
According to respondent’s reports, there are wildlife problems (Table7) 
that lead to the extinction and   declining numbers of wild animals in Al 
Sabaloka game reserve. The reasons include: hunting, climate change, 
deforestation and few grasses, desertification, over grazing, agricultural 
expansion and fire. Hunting is the most reported problem (56.7%) which 
explains that wild animals are used as food source as mentioned in table 
(6). Also (48.5%) of the respondents reported that few grasses is a 
problem in the area, as evident by the low vegetation composition in 
some units.  
 
Table (7): Wildlife problems in Al Sabaloka game reserve (2008). 
 
Wildlife problems % of the respondents 
Hunting 56.7 
Few grasses 48.5 
Climate change 42.3 
Deforestation 34.0 
Desertification 33.0 
Over grazing 17.5 
Agricultural expansion 9.3 
Fire 8.2 
All above 22.7 
 
There’s also considered percentages of respondents reflect the major 
environmental risks of wildlife in the area such as climatic changes 
(42.3%) as it shown in detection of climatic condition, deforestation 
(34.0%) and desertification (30%) as investigated previously in ground 
survey and satellite images analysis. 
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Chapter Six 
Conclusions and Recommendations 
 
6-1.Conclusions  
 
The detection of climate change effects on Al Sabaloka game reserve 
is based on ground assessment on wildlife habitats, satellite images 
and the questionnaire conducted among the local people .The study 
provided useful findings and information that could be concluded in 
the following:  
1- The analysis of climate elements showed that there are climatic 
fluctuations and changes in the area. 
2- The wild animal populations in Al Sabaloka are very rare due to 
changes in habitats .The most common species are gazelles, 
reptiles, snakes, birds and some small mammals. 
3- The wildlife habitats are very poor in structure and composition.  
4- The hazards or problems such as over-exploitation of the wild 
animals' and severity of natural factors lead to disappearances 
of some wild animals and the others were threatened by 
extinction, due to the absence of conservation and extension 
programs.                    
5- Wildlife in the area provided local community many benefits 
like foods and money, high tourism values and environmental 
services. 
6- Local people participation is not bad, but it is very important for 
long term sustainable utilization of wildlife resources. There is 
some success in extension programs besides the efforts of local 
leaders that banned all types of tree cutting and hunting of wild 
animals in the area. 
7- The use of remote sensing technique in assessment of land 
cover degradation as indication for climate change in Al 
Sabaloka game reserve is the most reasonable technique for 
habitat assessment in dry lands.  
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6-2.Recommendations: 
 
1- Wildlife management systems should be integrated with 
management systems of other natural resources sectors. Such 
integration could improve both wildlife and productivity of its 
habitats.  
2- The use of remote sensing and modern techniques are useful in the 
detection of the trend of change of wildlife habitats. 
3- There is an urgent need for extension and environmental awareness 
programs, with the encouragement of traditional leadership and 
participation of local communities in Al Sabaloka to participate in 
such programs. 
4- Due to reduction in annual rainfall amount and length of autumn 
periods, water harvesting as a technique of water management in 
the arid lands (such as, Al Sabaloka) will maximize the use of rainy 
season. 
5- There is need for urgent conservation and protection activities for 
wildlife habitats, and this will be attained through declaration of 
the area as a Biosphere reserve. 
6- The establishment of a management unit inside the reserve will 
enhance the public awareness program and the sustainable 
development of the local communities. 
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Appendices 
 
Appendix (1): The designed questionnaire for this study.  
This questionnaire is designed to collect information related to master 
degree (M.Sc) by the student / A. A. Hassab al Kreem / Institute of 
Desertification and Desert Cultivation / University of Khartoum on the 
assessment of climate change on wildlife habitats  in dry areas on Al 
Sabaloka game reserve. 
 Please answer the following questions in the areas allocated to them, in 
the absence of a precise answer chooses the near answer. 
 
1 / Gender                          (A) – Male                   ( b) - female  
2 / Name of village ..............................................  
3 / Educational  level 
                           (A) – illiteracy              (b) – primary school  
                           (c) - Secondary school (d) –University   
4 / Age  
     (A) - less than 30 years    (b) -30 -40 years       (c) - more than 40 years   
5 / Profession or economic activity  
      (A) - Agriculture       (b) – Grazing      (c) - Trade       ( d) - Others   
6 / Resident in the area for:- 
       (A) less than 15 years                (b)  15 to 20 years  
       (C) 20 to 30 years                      (d)  more than 30 years  
7 / practiced Area of farming  
       (A) - gerefes           (b) - valleys              (c) - within the forest  area 
8 / The types of crops grown in the region ............. , ......... and …..........  
9 / What is the status of crops productivity?  
      (A) - Increased     (b) - decreased       (c) - fixed  
10/ If the case of decreased productivity, what reasons?  
.................................................. .................................................. 
11/ the situation of the region's animal husbandry 
Type of grazing 
animal 
Place of grazing 
 in the forest deprived village Local Markets 
Cows    
Camel     
Sheep    
Goat    
 
12 / what are the current trees species in the area  
1 ................ 2 ............ 3 .................. 4 ............... 5 ................ 6.................  
7................. 8 ............ 9................. 10 ............ 11 ............... 12 ...............  
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13 / What are the former trees species and now disappeared in the region  
1 ..................... 2 ................ 3 ............... 4 ............... 5 ............. 6................  
7 ..................... 8 ................ 9............... 10 ............. 11 ............ 12 .............  
14 / current state of vegetation, compared with previous years:  
               (A) – decreasing       (b) - fixed      (c) - growing 
15 / occurrence of grasses in protected area is: 
               (A)  – dense                  (b) – average  (c) - few  
16 / Information about  rainfall in the region (past and present) 
 
index Former / past present 
1 - Beginning of 
autumn 
April         May  
June          July 
April         May  
June          July  
2 - Duration of the 
autumn 
Long            
short 
Long            
short 
3 - Annual rainfall 
amount  
  Few          Great  
  Medium   
Few          Medium 
17 / Are there water resources (valleys or pools) in the reserved area? 
                (A) – Yes               (b) - No  
18 / Do you think that the amount of water is sufficient? 
                (A)  - Yes                (b) - No  
19 / Do you observe wildlife in the area? 
                (A) – Yes                 (b) - No  
20 / If the Q (19) is yes, what are the wild animals that are observed 
currently in the region? 
1....................... 2 ..................... 3 ... ................ 4 ................... 5 ............. ... 
6....................... 7 ..................... 8 ................... 9 ................... 10 ................  
21 / what is the status of wildlife now?  
            (A) – Abundant        (b) – decreasing        (c) – not found  
22 / if available, decreasing or no clear justify the reasons  
1 - (Abundant).............................................................................................  
2 - (Decreasing)............................................. .............................................  
3 - (not found)...........................................................................................  
23 / what are the constraints and risks facing wildlife in the region.  
(A) – Hunting      (b) – cultivation within the protected area      (c) - Fire           
(d) - Climate change     (e) - lack of grass         (f) - trees cutting   
(g) Desertification        (h) – over grazing               (I) - all above  
24 / Do you exercise hunting sport in the region?  
           (A) - Yes                 (b) - No  
25 / If the answer is yes - is hunting is through licenses?  
           (A) - Yes                  (b) - No 
26 / what are the animals that more vulnerable to hunting?  
1................. 2................. 3 .................. 4 ................ 5.............. 6..............  
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27 / Are there any types of wild animals hunted for trading?  
           (A) - Yes                (b) - No  
28 / If the answer is yes, name them?  
1 ................... 2 .................. 3 .................. 4................. 5 ......................  
29 / what is the distance to hunting area from the village?  
         (A) - 5-10 km       (b) – 10 - 15 Km      (c) - more than 15 Km.  
30 / what are the tools and devices used in hunting? 
      (A) – Weapons (b) – traps   (c) - dogs   (d) – Other                       
(Mention it please)..................................................................................... 
 
31 / what are there animals that not hunted?    
1 ................... 2 ................... 3 ......... ............. 4.................... 5 ............... ...  
32 / did you see the migrations of some species (birds) to and from the 
protected area?  
        (A) - Yes                              (b) - No  
33 / If Yes, at what month of the year?  
.................................................. .................................................  
34 / Is there any efforts to protect the wildlife and its habitats?  
        (A) - Yes                                (b) - No  
35 / what are the types of people or the civil society participation in 
protecting wildlife?  
.................................................. .................................................  
36 / Are there any governmental organizations or institutions have efforts 
to protect wildlife in the area?  
       (A) - Yes                           (b) - No  
37 / If your answer is yes, please name them?  
......................................................................................................................
.  
38 / what about your evaluation for the current status of wildlife?  
...................................................................................................................... 
39 / Do you think it is necessary to protect these animals?  
         (A) – Yes                          (b) - No  
40 / If your answer in Q (38) is yes, clarify why?  
...................................................................................................................... 
41 / what is your suggestion for the development of wildlife and 
conservation of the region?  
......................................................................................................................
......................................................................................................................
...................................................................................................................... 
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Appendix (2): Wildlife Habitat Evaluation - Field Data Form 
Institute of Desertification and Desert cultivation studies 
Location Name: ________________________                                            
Assessment Unit (center):  A (   )      B (   )     C (   )       D (   )        E (   ) 
Coordinates: __________ N and __________ E  
Survey line No: __________ 
Soil type and land features: __________________________ 
Date of site visit and data collection: ___________________ 
Person who completing form: _________________________ 
 
Sample No No of 
Trees 
DBH(cm) Hight 
(m) 
Crown 
diameter 
( R)/ m 
Key 
species 
occurrence Remarks 
1        
        
        
        
        
2        
        
        
        
        
3        
        
        
        
        
4        
        
        
        
        
5        
        
        
        
        
6        
        
        
        
        
7        
        
        
        
        
8        
        
        
        
        
9        
        
        
        
10        
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Appendix (3): Climatic data of Al Sabaloka game reserve during 
1978- 2007.                                           
Appendix (3-1): Annual rainfall and length of rainy season 
year Starting 
date of rainy 
season 
Last date of 
rainy season
length of 
rainy 
season in 
days  
Amount of 
annual 
rainfall 
1978 1/7 14/10 101 138.3 
1979 3/5 11/11 192 116.6 
1980 3/6 24/10 143 97.8 
1981 6/5 2/11 180 82.6 
1982 2/3 12/10 224 74.4 
1983 3/6 24/9 113 32 
1984 20/5 21/9 124 3.4 
1985 21/5 30/9 132 63.6 
1986 7/6 26/10 141 75.8 
1987 1/6 13/10 134 72.1 
1988 11/7 24/10 105 446.9 
1989 20/6 27/9 99 39.9 
1990 16/7 21/10 97 6.4 
1991 8/5 25/10 170 18.5 
1992 15/3 2/10 201 67.8 
1993 29/6 17/10 110 30.6 
1994 29/5 22/10 146 196.7 
1995 6/5 24/10 171 89.5 
1996 9/5 6/10 150 171 
1997 1/6 4/11 156 123.8 
1998 4/7 12/10 100 130.9 
1999 8/6 22/10 136 121.1 
2000 13/5 2/10 142 50 
2001 11/7 4/10 85 128.4 
2002 2/6 29/10 149 118.2 
2003 23/5 23/10 153 163.6 
2004 27/6 15/10 110 66.1 
2005 24/5 14/10 143 105.5 
2006 3/5 22/10 172 148.1 
2007 29/4 18/10 172 126.9 
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Appendix (3-2): Monthly mean temperature of the period 1978-2007 
  1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 
Jan  21.95 22.85 22.15 21.75 23.95 17.95 21.45 24.95 22.95 22.55 22.25 19.4 22.8 21.1 20 
Feb  24.6 26.4 23.85 23.25 21.1 22.6 25.8 21.85 25.25 25.5 23.2 20.5 21.4 20.95 19.4 
Mar 26.65 27.4 28 27.4 27.15 24.55 28.85 29.2 28.65 26.65 28.45 25.65 25.3 25.48 26.8 
Apr 32.25 32.7 31.65 30.4 29.7 29.2 31.25 30.2 29.15 30.5 31.1 29.95 30.85 30.4 30.75
May 34.35 33.3 34.4 34.45 32.75 33.25 33.6 33.5 31.4 33.45 35 34.25 34.2 34.23 33.55
Jun  34.4 33.95 34.05 34 33.75 34.2 33.25 33.75 33.35 33.3 34.9 33.95 34.4 34.18 34.95
Jul  30 32.9 31.4 31.6 32.8 33.1 33.1 32.2 32.3 34.15 32.8 33.15 32.9 33.03 32.9 
Aug 30.4 30.95 32.05 32.15 31.4 32.9 33.1 32.5 32.55 30.65 32.35 31.85 33.75 32.8 30.85
Sep 32.25 32.15 33.15 31.6 32.55 33 32.85 32.65 31.6 34.3 31.4 32.6 33.75 33.18 31.35
Oct 31.65 31.85 32.55 32.25 31.25 31.55 32.65 32.15 31.55 31.55 31.45 30.9 33.9 32.4 31 
Nov 25.35 28.55 27.5 26.5 24.6 27.5 26.6 26.7 27.15 28.25 27.1 28.1 29.35 28.73 26.55
Dec 24.35 21.65 24.05 25.6 22.05 24.3 23.65 23.85 21.1 23.7 24.85 22.05 27 24.53 21.65
 
  1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 
Jan  21.4 24.95 23.4 21.6 22.65 20.8 23.7 22.6 21.6 20.35 22.95 22.7 20.7 24.6 20.2 
Feb  22.15 23.35 23.3 24.45 21.35 23 28.05 24.05 23.35 25.1 24.5 23.7 27.2 25.65 23.25
Mar 27.25 25.05 27.65 28.15 26.65 26.15 27.05 26.25 27.8 27 27.2 27.65 27.95 26.6 27.35
Apr 31.2 31.25 29.6 30.85 30.8 31.65 31.2 31.55 31.95 30.75 30.95 30.95 32.1 29.2 30.15
May 32.75 33.7 33.7 33.55 32.75 34.1 35.1 34.35 33.55 32.9 33.85 33.9 31.8 33.45 34.1 
Jun  33.9 33.65 33.7 33.65 34.1 34.45 34.55 34.05 32.9 34.05 33.95 34 34.5 33.9 34 
Jul  33.55 31.85 32.05 33.3 32.4 33.3 31.6 32.85 31.65 33.65 31.25 33.25 31.85 33.85 30.65
Aug 33.05 30.55 31.65 31.9 32.1 30.75 29.85 32.5 30.4 31.25 30.55 32.2 31.75 31.05 30.3 
Sep 33.3 31.05 33.05 31.65 33.65 31.3 31.1 32.4 32.65 32.85 31.8 32.65 32.45 31.4 31.85
Oct 33.25 32.05 32.8 31.75 31.85 32 31.5 30.2 31.9 32.25 31.9 31.7 31.8 32.1 32.2 
Nov 29.2 26.4 27.15 26.3 27.4 28.9 28.3 26.7 28.4 28.2 28.2 28 27.6 26.6 28.85
Dec 25.4 21.9 23.1 24.4 23.4 25.55 25 22.5 24.6 22 23.3 23.3 25.45 21.15 25.55
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Appendix (3-3): Monthly average wind speed (Knots=1.85 km/h) of the period1978-2007 
 
 
 
 
 
 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 
Jan  7 7 7 6 7 6 6 8 6 6 5 5 5 6 7 
Feb  7 8 7 7 8 6 6 8 6 6 6 7 6 6 6 
Mar  7 7 7 7 7 8 7 9 5 5 6 6 7 6 7 
Apr  6 7 6 7 6 6 8 6 6 5 5 5 6 5 5 
May  6 5 6 6 5 5 6 5 6 5 4 5 5 6 5 
Jun  6 5 7 5 5 5 5 7 5 4 4 6 5 6 6 
Jul  7 7 7 7 6 6 7 9 7 6 5 6 6 6 7 
Aug  6 6 7 7 6 6 7 9 5 5 6 5 5 8 3 
Sep 5 4 6 5 5 5 6 7 5 4 5 5 5 6 5 
Oct 5 4 5 5 4 4 5 5 5 4 5 4 4 4 4 
Nov 5 7 7 6 5 5 6 6 5 5 5 5 6 6 5 
Dec 6 7 7 7 6 6 6 5 5 5 5 5 5 7 6 
 
 
 
 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 
Jan  6 6 6 6 6 7 9 7 7 5 7 7 7 5 7 
Feb  6 5 5 7 6 6 8 8 7 11 6 7 7 5 8 
Mar  6 6 6 6 7 6 7 7 8 11 7 6 6 5 7 
Apr  6 6 6 6 6 6 6 7 7 17 5 5 5 5 5 
May  4 6 6 5 6 6 7 6 7 9 5 5 6 5 5 
Jun  6 6 6 6 7 6 7 6 7 15 6 5 5 4 7 
Jul  7 6 7 6 6 6 7 7 7 16 8 7 5 6 7 
Aug  6 7 7 5 6 6 6 7 6 2 7 7 3 5 7 
Sep 6 6 6 5 5 5 6 6 6 5 5 5 4 4 5 
Oct 4 5 5 4 6 5 7 5 6 1 5 5 3 4 5 
Nov 6 6 6 5 6 5 7 7 6 1 6 6 3 5 6 
Dec 6 7 6 5 6 6 7 7 7 6 6 6 3 6 5 
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Appendix (3-4): Monthly average relative humidity of the period 1978-2007 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 
Jan  27 32 29 30 31 25 30 30 26 26 27 29 25 28 31 
Feb  22 20 22 21 22 21 26 25 23 24 16 27 24 19 23 
Mar  14 16 17 15 18 17 17 21 16 17 15 23 17 18 18 
Apr  16 14 15 15 16 15 14 22 14 14 16 16 19 19 15 
May  24 19 21 28 22 18 22 26 17 19 21 19 23 26 18 
Jun  24 24 31 28 30 20 24 27 21 23 33 28 25 32 27 
Jul  35 42 49 36 48 39 44 36 40 36 49 34 41 39 51 
Aug  41 52 44 44 44 56 51 39 55 48 58 42 44 56 55 
Sep 33 47 39 47 33 52 44 39 43 42 45 37 39 55 40 
Oct 25 36 28 33 32 37 36 30 29 30 31 36 29 39 29 
Nov 31 29 27 27 24 25 26 27 29 29 29 32 25 27 29 
Dec 32 28 28 40 26 30 34 29 29 27 33 29 34 29 33 
 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 
Jan  25 26 24 24 28 27 29 28 28 28 28 25 29 26 27 
Feb  18 22 19 21 19 21 25 20 19 22 20 20 20 21 21 
Mar  14 15 15 17 14 17 16 17 15 16 15 18 17 17 21 
Apr  14 14 13 13 14 13 12 15 13 11 12 16 15 20 15 
May  15 20 20 18 16 16 20 24 12 24 17 24 14 25 25 
Jun  21 29 28 24 21 28 18 28 25 28 27 27 17 20 30 
Jul  49 35 43 43 29 34 23 36 38 33 33 33 33 35 36 
Aug  48 47 45 37 44 34 26 38 38 44 39 42 27 39 51 
Sep 36 41 35 38 39 29 27 35 38 28 49 40 29 31 37 
Oct 29 27 25 25 29 20 21 23 28 25 29 26 25 26 31 
Nov 23 29 23 24 25 24 24 23 26 24 28 28 28 28 26 
Dec 29 24 32 31 26 33 30 32 26 27 32 31 34 26 29 
 47
Appendix (4): The Protected areas in dry lands Sudan. 
No Protected area 
 
Types 
 
Date of 
declaration 
Area 
(Km²) 
Habitat(s) 
1 Dongonab Bay  Marine National park 
Ramsar site-  World 
Natural  Heritage site 
2006 300000 Semi-desert 
Marine/ 
tidal 
2 Sanganeb Marine National park 
World Natural  Heritage 
site 
1990 26’000 Semi-desert 
Marine 
3 Jebel Hassania  National park 2003        
850’000 
Semi-desert 
4 Wadi Howar National park 2002 1’455’30
0    
Desert 
5 Sabaloka  Game reserve 1946 116’000 Semi-desert 
6 Tokor  Game reserve 1939 630’003 Semi-desert 
7 Rahad*  Game reserve 1939 3,500 Semi-desert 
8 Erkawit Sinkat              Game sanctuary 1939 12’000 Semi-desert 
9 Erkawit  Game sanctuary 1939 82’000 Semi-desert 
10 Khartoum(Sunut) 
Forest  
 Bird sanctuary  1939 1500 Semi-desert 
Reverie site 
 
Appendix (5): The proposed protected areas in dry lands Sudan. 
* degazetted on 1992 
Source: from UNEP (2007) and Abdelhameed et al (2008) 
No Protected area 
 
Types 
 
Area 
(Km²) 
Habitat(s) 
1 Suakin Archipelago* 
 
National park 
Ramsar site 
150’000 Marine 
2 Khor Kilab  National park 2000  Marine 
3 Abu Hashish  National park 2000  Marine 
4 Shuab Rumi  National park 4000  Marine 
5 Port Sudan  National park        
100’000 
Marine 
6 Jebel Gurgei Massif  Game reserve 10’000 Semi-desert 
7 Red Sea Hills  Game reserve 15’000 Semi-desert 
8 Lake Nubba  Bird sanctuary 10’000 Freshwater    
lake 
9 Jebel Aulia Dam Bird sanctuary 100’000 Freshwater lake 
10 Khashm el Girba 
Dam 
Bird sanctuary 10 ‘000  Freshwater lake 
11 Sennar Dam    Bird sanctuary 8’000 Freshwater lake 
12 Jebel Elba  Nature conservation area 480’000 Desert 
13 Jebel Marra massif Nature conservation area 
Important bird area 
150’000 “ 
14 Gebel al Barkal World culture Heritage site ------- Desert 
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Appendix (6): The list of common trees and ground flora in the study area. 
 
 
 
 
 
 
 
 
 
 
 
No Scientific Name  Arabic Name 
1 Acacia tortilis sub-species radiana  sayyal 
2 Acacia seyal  Taleh 
3 Balanites aegyptiaca  Higlig 
4 Ziziphus spina-chirsti  Sidir 
5 Calotropic procera  usher 
6 Caparis deciduas  Tundub 
7 Lyptadenia pyrotechnica  Marikh 
8 Acacia seyal  Taleh 
9 Acacia tortilis  samure 
10 Tamarex aphyla  Terfa 
11 Phoenix  dactylifera  Date palm 
12 Acacia nilotica  sunt 
13 Faidherbia albida  hraz 
14 Panicum turgidum  tumam 
15 Aristida mutabihis  Gawe 
16 Cymbopogan dervatus  Maharaib 
